Sirt1 Regulates DNA Methylation and Differentiation Potential of Embryonic Stem Cells by Antagonizing Dnmt3l.
Embryonic stem cell (ESC) abnormalities in genome methylation hamper the utility of their therapeutic derivatives; however, the underlying mechanisms are unknown. Here, we show that the nicotinamide adenine dinucleotide (NAD)-dependent deacetylase, Sirt1, selectively prevents abnormal DNA methylation of some developmental genes in murine ESCs by antagonizing Dnmt3l. Transcriptome and DNA methylome analyses demonstrated that Sirt1-null (Sirt1-/-) ESCs repress expression of a subset of imprinted and germline genes concomitant with increased DNA methylation of regulatory elements. Dnmt3l was highly expressed in Sirt1-/- ESCs, and knockdown partially rescued abnormal DNA methylation of the Sirt1 target genes. The Sirt1 protein suppressed transcription of Dnmt3l and physically interacted with the Dnmt3l protein, deacetylating and destabilizing Dnmt3l protein. Sirt1 deficiency delayed neurogenesis and spermatogenesis. These differentiation delays were significantly or partially abolished by reintroduction of Sirt1 cDNA or Dnmt3l knockdown. This study sheds light on mechanisms that restrain DNA methylation of developmentally vital genes operating in ESCs.